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Abstract 
The Pitzer model was applied to correlate the mean ionic activity coefficients of 39 single aqueous electrolytes of 2-1 type using 
experimental data from literature. The model parameters for all the electrolytes studied were evaluated by minimizing the 
objective function using a computer code in FORTRAN language. The standard deviations of the fit for all the systems studied 
are compared with those obtained from various local composition models such as the electrolyte NRTL model, the electrolyte 
NRTL-NRF model, the electrolyte Wilson model and the modified Wilson model for electrolytes. The results show that the 
Pitzer model can correlate the experimental data accurately. Moreover, this model shows its superiority with respect to the other 
thermodynamic models.    
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1. Introduction 
Thermodynamic modeling of electrolyte solutions play an important role in design, optimizing and control of 
various chemical processes such as crystallization, seawater desalination, extractive distillation, gas treatment and 
oilfield processing. Accurate models for the thermodynamic properties of electrolyte solutions such as activity and 
osmotic coefficients are essential for the design and control of these processes.  
In an electrolyte solution such as 2-1 type, the electrolyte will dissociate into anions and cations. Thus there exist 
complicated interactions between ion and ion, ion and molecule and molecule and molecule. Ion-ion interactions are 
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governed by electrostatic forces between ions that have a much longer range than other intermolecular forces. Thus, 
in modeling of an aqueous electrolyte solution, it is necessary to account for the long range contribution of 
interactions among ions in the mixture. 
One of the most important thermodynamic properties of an electrolyte solution is the mean ionic activity 
coefficient of the electrolyte. The mean ionic activity coefficient gives a measure of the deviation of real solutions 
from ideality and includes all effects that lead to theses deviations.  
The very early model used to estimate the mean ionic activity coefficient of electrolyte solutions was the Debye-
Hückel (D–H) model proposed in 1923[1]. In this model, the ions are assumed point charges and the long range 
electrical (coulombic) forces are considered. The model was applicable only to the very dilute solutions. The Pitzer 
model [2] extended the Debye-Huckel theory using a virial expansion to account for the ionic strength dependence 
of the short range forces in binary and ternary ion interactions. The model is applicable to solutions of high ionic 
strength. The Pitzer model finds extensive application for the correlation and prediction of thermodynamic properties 
of electrolyte solutions [3,4]. 
Several models have been proposed in the literature to calculate thermodynamic properties of electrolyte 
solutions. Among these models: the electrolyte NRTL model proposed by Chen [5], the electrolyte NRTL-NRF 
model suggested by Haghtalab et al.[6], the electrolyte Wilson model proposed by Zhao et al. [7] and the modified 
Wilson model for electrolytes suggested by Xu et al.[8]. In these models, the excess Gibbs energy of an aqueous 
electrolyte solution is expressed as the sum of a contribution due to long-range coulombic interactions and 
contribution due to short-range interactions. For long-range interactions, the Debye-Huckel expression or its 
extension is used whereas the description of the short-range contribution represents the main difference between 
them. These models have been applied to several single electrolyte systems and it has been shown that they can 
represent the mean ionic activity coefficients very well.  
The main objective of this work is to compare the ability of the Pitzer model in correlating the mean ionic activity 
coefficients of single aqueous 2-1 electrolytes to the other models developed recently. To achieve this goal, the 
Pitzer model has been applied to correlate the mean ionic activity coefficients of 39 single aqueous electrolytes of 
type 2-1 at 298.15K using experimental data from literature [9]. For comparison of the models, the same source of 
experimental data used by the other models was used in this work.   
 
Nomenclature 
Aφ Debye-Huckel constant  
B  second virial coefficient 
b Pitzer parameter 
C third virial coefficient 
dW density of water (g/cm
3) 
D  dielectric constant of water 
e   electronic charge 
f function of ionic strength 
G Gibbs energy  
I   ionic strength 
k  Boltzman constant  
m molality (mol/kg solvent) 
nw number of kg of solvent 
NA Avogadro number 
NP number of experimental data points 
OBJ objective function 
T   Absolute temperature (K) 
Z  charge number of ionic species 
Greek Letters 
α Pitzer parameter 
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β Pitzer parameter 
γ activity coefficient  
φ osmotic coefficient  
ν stoichiometric  number 
σ standard deviation  
Subscripts 
MX electrolyte formula 
M cation  
X anion 
Superscripts 
cal calculated 
exp experimental 
ex notation of excess quality 
GX form for the excess Gibbs energy 
2. Thermodynamic model 
In the Pitzer model [2], for an aqueous solution including a single electrolyte, the excess Gibbs energy, exG  , is 
written as: 
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The superscript GX indicates the form for the excess Gibbs energy. 
The expression for the mean ionic activity coefficient, MXJ , is 
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Where MQ and XQ  are the numbers of M and X ions in the formula and Mz and Xz give their respective charges, 
and XM QQQ   while, m is the conventional molality and nw is the number of kg of solvent. The other quantities 
have the form, 
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Note that the superscripts GX,M and J  are labels (not exponents). Also I, is the ionic strength: 
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And MA  is the  Debye-Huckel coefficient, 
    2/322/10 /1000/231 TkDedNA W »¼º«¬ª SM                                                                    (10) 
Which has the value of  0.392 at 298.15K for water.  
The values selected by Pitzer for the two parameters α and b are 2.0 and 1.2 respectively [2].  
For pure electrolytes, the two ion interaction parameters, )0(MXE  and )1(MXE  define the second virial coefficient 
which describe the interaction of pairs of oppositely charged ions. The third virial coefficient MMXC , which account 
for ion triplet interactions, is usually very small and sometimes completely negligible.  
For each electrolyte, the adjustable parameters for the Pitzer model are )0(MXE  , )1(MXE  and MMXC . 
        
 
3. Results and discussion  
 
The Pitzer model was applied to correlate the mean ionic activity coefficients of 39 single aqueous electrolytes of 
type 2-1. All the systems studied are listed in table1. The Pitzer model requires three adjustable parameters. These 
parameters were evaluated by fitting the model to the experimental mean ionic activity coefficient data. The 
experimental data used in this work are from literature [9], then the results are compared to those obtained from the 
electrolyte NRTL model [5], the electrolyte NRTL-NRF model [6], the electrolyte Wilson model [7] and the 
modified Wilson model for electrolytes [8]. Note that three parameters are required for the Pitzer model whereas 
two parameters are needed for the other models.  
The adjustable parameters are obtained by minimization of the following objective function, OBJ, 
           
 2explnln¦  NP
i
MX
cal
MXOBJ JJ                          (11) 
Where NP is the number of the data points and superscripts ‘cal’ and ‘exp’ refer to the calculated and the 
experimental values, respectively. 
We have elaborated a computer program in FORTRAN language for this purpose. The best values generated by 
the computer code are given in table1. Table 1 also contains the maximum molality for which experimental data are 
available for each electrolyte and the corresponding values for the standard deviation of the fit, σ, defined as: 
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As it can be seen from table1, the values of the standard deviation in fitting the experimental data of the mean 
ionic activity coefficient for the different electrolytes used in this work are very satisfying, for example, the mean 
ionic activity coefficient of Copper Nitrate (Cu(NO3)2) and Lead Perchlorate (Pb(ClO4)2) can be predicted with a 
standard deviation of 0.0088 over the entire concentration range up to 6m by using the Pitzer’s parameters in table 1. 
The best values for the standard deviation of the fit for the 39 systems studied are observed for Strontium 
Perchlorate (Sr(ClO4)2 and Zinc Nitrate (Zn(NO3)2) with the values of 0.0067 and 0.0068 respectively over the 
concentration range up to 6m. 
The standard deviations of the fit obtained from the Pitzer model and those obtained from the electrolyte NRTL 
model [5], the electrolyte NRTL-NRF model [6], the electrolyte Wilson model [7] and the modified Wilson model 
for electrolytes [8] are compared in table2. As presented in table 2, the standard deviations obtained from the Pitzer 
model are less than those obtained from the other models for all the electrolytes studied except for Calcium 
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Perchlorate (CaClO4)2 and Uranyl Perchlorate (UO2(ClO4)2) for which better values are obtained from the NRTL-
NRF model [6] with the standard deviations of 0.005 and 0.029 respectively. 
 
 
        Table 1. Values of Pitzer parameters and the standard deviation of the fit of the Pitzer model to mean ionic  
        activity coefficient data at 298.15K.  
Electrolyte mmax β
(0) β (1) C(ᵠ) σ 
BaBr2 2 0.4191 2.1056 -0.0425 0.0034 
Ba(ClO4)2 5 0.4282 2.4041 -0.0456 0.0104 
BaI2 2 0.5567 2.2337 -0.0389 0.0045 
CaBr2 6 0.4566 2.5103  0.0282 0.0141 
CaCl2 6 0.4385 1.9682 -0.0069 0.0163 
Ca(ClO4)2 6 0.6201 2.2841 -0.0204 0.0184 
CaI2 2 0.5820 2.4564 -0.0001 0.0025 
Ca(NO3)2 6 0.2276 2.1626 -0.0201 0.0151 
CdBr2 4 0.1183 -7.333 -0.0428 0.0660 
CdCl2 6 0.0229 -5.082 -0.0058 0.0541 
CdI2 2.5 0.5291 -14.377 -0.3154 0.1115 
COBr2 5 0.6248 1.908 -0.0410 0.0150 
COCl2 4 0.5071 1.8807 -0.0557 0.0104 
COI2 4 0.6992 2.2182 -0.0088 0.0164 
Co(NO3)2 5 0.4149 2.2347 -0.0211 0.0033 
CuCl2 6 0.3042 2.5875 -0.0448 0.0292 
Cu(NO3)2 6 0.3731 2.2281 -0.0235 0.0088 
FeCl2 2 0.4461 2.0827 -0.0232 0.0022 
MgAc2 4 0.2855 1.203 -0.040 0.0075 
MgBr2 5 0.5769 2.3298  0.009 0.0032 
MgCl2 5 0.4725 2.2466  0.0134 0.0040 
Mg(CLO4)2 4 0.6669 2.7382  0.0243 0.0072 
MgI2 5 0.649 2.618  0.0241 0.0049 
Mg(NO3)2 5 0.4431 2.3388 -0.0192 0.0096 
MnCl2 6 0.4217 2.2258 -0.0531 0.0124 
NiCl2 5 0.5164 1.7725 -0.0436 0.0176 
Pb(ClO4)2 6 0.4498 2.1996 -0.0263 0.0088 
Pb(NO3)2 2 -0.0486 0.3461  0.0151 0.0025 
SrBr2 2 0.4412 2.2767  0.0042 0.0012 
SrCl2 4 0.3793 2.2118 -0.003 0.0032 
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Sr(ClO4)2 6 0.5748 1.9883 -0.0389 0.0067 
SrI2 2 0.5336 2.5224   0.0087 0.0022 
Sr(NO3)2 4 0.1418 2.0016 -0.0228 0.0079 
        Table 1. (Continued) 
Electrolyte mmax β
(0) β (1) C(ᵠ) σ 
 
UO2Cl2 3 0.5394 2.3746 -0.0796 0.0065 
UO2(ClO4)2 5.5 0.9488 2.0146 -0.0184 0.0492 
UO2(NO3)2 5.5 0.6312 2.1718 -0.1098 0.018 
ZnCl2 6 0.1155 3.2848   0.0024 0.0177 
Zn(ClO4)2 4 0.6836 2.4536   0.0272 0.0094 
Zn(NO3)2 6 0.4368 2.4247  -0.0247 0.0068 
  
 
       Table 2. The standard deviation of the fit obtained from the Pitzer model, the electrolyte NRTL  model [5], the electrolyte NRTL-NRF   
        model [6], the electrolyte Wilson model [7] and the modified  Wilson model for electrolytes [8].  
Electrolyte mmax σ this work σ Modified Wilson
[8] σ Wilson
[7] σ NRTL
[5] σ NRTL-NRF
[6]   
BaBr2 2 0.0034 0.0232 0.0232 0.026 0.020 
Ba(ClO4)2 5 0.0104 0.0408 0.0419 0.072 0.021 
BaI2 2 0.0045 0.0285 0.0285 0.034 0.015 
CaBr2 6 0.0141 0.3400 0.2790 0.351 0.072 
CaCl2 6 0.0163 0.1602 0.1815 0.205 0.021 
Ca(ClO4)2 6 0.0184 0.2097 0.1815 0.272 0.005 
CaI2 2 0.0025 0.0368 0.0362 0.046 0.007 
Ca(NO3)2 6 0.0151 0.0321 0.0336 0.060 0.046 
CdBr2 4 0.0660 0.2165 0.1967 0.258 0.365 
CdCl2 6 0.0541 0.1704 0.1512 0.214 0.333 
CdI2 2.5 0.1115 0.3317 0.3013 0.374 0.466 
COBr2 5 0.0150 0.0963 0.0784 0.141 0.039 
COCl2 4 0.0104 0.0274 0.0270 0.055 0.045 
COI2 4 0.0164 0.2138 0.1721 0.242 0.100 
Co(NO3)2 5 0.0033 0.0461 0.0418 0.108 0.026 
CuCl2 6 0.0292 0.0310 0.0357 0.038 0.048 
Cu(NO3)2 6 0.0088 0.0381 0.0391 0.113 0.035 
FeCl2 2 0.0022 0.0242 0.0239 0.029 0.019 
MgAc2 4 0.0075 0.0101 0.0096 0.013 0.072 
MgBr2 5 0.0032 0.2361 0.2111 0.241 0.025 
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MgCl2 5 0.0040 0.1940 0.1793 0.202 0.018 
Mg(CLO4)2 4 0.0072 0.2041 0.1804 0.208 0.026 
 
 
    
   Table2 (Continued): 
Electrolyte   mmax   σ this work  σ Modified Wilson
[8] σ Wilson
[7]  σ NRTL
[5]   σ NRTL-NRF
[6]   
 
MgI2 5 0.0049 0.3284 0.2761 0.316 0.046 
 
Mg(NO3)2 5 0.0096 0.0591 0.0483 0.125 0.022 
MnCl2 6 0.0124 0.0238 0.0235 0.047 0.067 
NiCl2 5 0.0176 0.0416 0.0314 0.092 0.052 
Pb(ClO4)2 6 0.0088 0.0561 0.0436 0.147 0.028 
Pb(NO3)2 2 0.0025 0.0172 0.0165 0.022 0.064 
SrBr2 2 0.0012 0.0302 0.0299 0.036 0.013 
SrCl2 4 0.0032 0.0536 0.0438 0.088 0.020 
Sr(ClO4)2 6 0.0067 0.0831 0.0800 0.168 0.042 
SrI2 2 0.0022 0.0381 0.0375 0.046 0.006 
Sr(NO3)2 4 0.0079 0.0259 0.0270 0.029 0.041 
UO2Cl2 3 0.0065 0.0336 0.0343 0.040 0.024 
UO2(ClO4)2 5.5 0.0492 0.4855 0.4431 0.447 0.029 
UO2(NO3)2 5.5 0.0180 0.0452 0.0415 0.041 0.094 
ZnCl2 6 0.0177 0.1042 0.1069 0.119 0.029 
Zn(ClO4)2 4 0.0094 0.2340 0.2099 0.211 0.019 
Zn(NO3)2 6 0.0068 0.0535 0.0507 0.148 0.021 
 
Comparison of the average standard deviations of the fit of the mean ionic activity coefficients of all the systems 
studied obtained from the Pitzer model and those obtained from the electrolyte NRTL model [5], the electrolyte 
NRTL-NRF model [6], the electrolyte Wilson model [7] and the modified Wilson model for electrolytes [8] are 
given in figure 1. As shown in this figure, the better quality of fitting is obtained from the Pitzer model.  
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Fig. 1. Mean Average Standard Deviation using various models. 
 
To see more of the reliability of the Pitzer model, the experimental and calculated mean ionic activity coefficients 
for selected systems are shown in figure 2.  
 
Fig.2. Experimental and calculated mean ionic activity coefficient for the electrolytes: MnCl2, NiCl2 and ZnCl2  
4. Conclusion 
In this work, the Pitzer model has been applied to correlate the mean ionic activity coefficient of several single 
aqueous electrolytes of type 2-1 using experimental data from literature. The present model has three adjustable 
parameters per electrolyte and by correlating of mean ionic activity coefficients, the model parameters were 
determined for the 39 aqueous electrolyte solutions at 298.15K. The results have been compared with those obtained 
from the electrolyte NRTL model, the electrolyte NRTL-NRF model, the electrolyte Wilson model and the modified 
Wilson model for electrolytes. It is shown that the model used in this work produces better results.  
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